This paper selects 15 Chinese commercial banks as the research sample, using stochastic frontier approach, setting Trans-log Production Function. The paper firstly measures the efficiency of commercial banks, and the results show that the efficiency level of Chinese commercial banks is on the rise from 2007 to 2016, and the efficiency of state-owned banks is higher than that of joint-stock banks. Secondly, the paper studies the influence factors of the efficiency of Chinese commercial banks in the view of banks' own factors, industry factors, Internet financial development factors. The results show that the non-performing loan ratio level and the Internet financial development are negatively related to the bank efficiency, and competition of market is positively associated with the bank efficiency, and the structure of property rights will also significantly affect the performance of commercial banks.
Introduction
The financial industry plays a vital role in Chinese economic development, and commercial banks occupy an absolutely important position in the financial system. The data from China Banking Regulatory Commission and National Bureau of Statistics of China show that, the credit balance of the banking sector accounts for over 90% of the credit balance of financial institutions. The increment of social financing in China was 194,443 billion yuan, and RMB loans were S. Zhao national commercial banks, 12 joint-stock commercial banks, 134 city commercial banks, 1114 rural commercial banks, and 8 private banks. The number of commercial banks is increasing, the scale of banking system is expanding, and the industrial structure is becoming more and more diversified.
The efficiency level of commercial banks reflects the banks' comprehensive management ability, risk prevention ability, asset management level and profitability. Under the subtle influence of Internet finance, China's financial efficiency and even the whole financial structure are undergoing tremendous changes. In order to realize rapid and steady development, traditional financial institutions need to look at their own problems, and face the competition of Internet finance in development vision, and properly handle the relationship with the Internet finance.
The aim of the paper is to examine the determinants of efficiency in Chinese banking system over the period [2007] [2008] [2009] [2010] [2011] [2012] [2013] [2014] [2015] [2016] . In this paper, we choose the loanable funds, labor force and fixed assets as input indicators, total loan, interest income and non-interest income as output indicators, and add the loan loss reserves as a risk factor. We measure the efficiency value of commercial banks by the SFA model based on translog production function, and research the relationship between bank efficiency and the Internet financial development, bank's own factors, industry factors. And then we put forward some suggestions on the improvement of commercial banks' efficiency based on the results of empirical analysis.
The structure of the paper is following. Next chapter presents empirical literature. Third section describes methodology (stochastic frontier approach). Section 4 presents data and selection of variables and the efficiency measurement results. The fifth section shows empirical analysis of determinants of bank efficiency. The last section concludes this paper.
Empirical Literature
Scholars have found that commercial banks' own characteristics and external environment will have an impact on the bank efficiency. Foreign scholars and domestic scholars have different research priorities. Foreign scholars mainly focus on the influence of industry factors on bank efficiency, such as market structure and banking competition, while domestic scholars mostly study the bank's own characteristics and macroeconomic factors. Few scholars directly study the impact of internet finance on bank efficiency. However, more and more scholars begin to study the relationship between internet finance and commercial bank management, which will also provide some reference for the paper.
Literature Review on Influence Factors of Bank Efficiency
Domestic and foreign empirical analysis shows that the characteristics of commercial banks and the external environment will affect the efficiency of banks. Foreign scholars and domestic scholars have different research emphasis, and S. Zhao foreign scholars generally choose market structure and banking competition degree as the key point, while domestic scholars put more emphasis on the characteristics of commercial banks and macroeconomic factors.
IvetaŘepková (2015) the Granger causality test, the empirical results show that the high efficiency of the bank leads to the optimization of capital structure, and the good capital structure also has a positive effect on the bank's efficiency level, while the lower efficiency of the bank tends to increase the risk of the bank [4] . Manthos Delis, Maria Iosifidi, Mike G Tsionas (2017) took the data of 419 banks in the United States from 1976 to 2014 as samples, the risk is defined by the variance of the bank's net income, and introduced the risk into the bank efficiency measurement model. Research showed that ignoring risk factors will result in significant deviations in bank efficiency estimates [5] . Wang Cong, Zou Pengfei (2006) took the impact of capital structure and risk factors on the efficiency of commercial Banks into consideration, used SFA to estimate the cost efficiency of China's commercial banks. The research shows that the efficiency of listed banks in China is the best, followed by the non-listed banks, the efficiency of the state-owned banks is the worst, and the capital structure and risk situation significantly affect the efficiency of commercial banks and the rank of efficiency [6] . Cheng Maoyong (2011) chose 64 commercial banks in China from2000 to 2009 as the research sample. Firstly, he measured the market power of commercial banks by Lerner index, and then explored the correlation between the market forces and bank efficiency. The empirical shows that there is a significant linear relationship between market forces and bank efficiency, the stronger the market forces is, the lower the cost efficiency is and the higher the profit efficiency is [7] . Liu Ruixiang, Lv Daxue, Lue Yi (2016) S. Zhao considered the impact of the Non-performing loan on bank efficiency with the Improved two-stage DEA model, the empirical shows that the Non-performing loans have a significant impact on the efficiency value of joint-stock banks, and have little impact on the efficiency of the four state-owned banks [8] . He Yong (2014) found that the money supply is positively correlated with the cost efficiency of commercial banks, while the impact of GDP and CPI on commercial banks' efficiency is not significant by analyzing the influence factors of the efficiency of commercial banks in China from 2008 to 2013 [9] . [12] . Therefore, the impact of Internet finance on traditional banks in terms of market size is not particularly strong in the short term. However, some other scholars believed that the development of Internet finance had a profound impact and great shock on the traditional commercial banks. They thought that the Internet financial has a lot of advantages, such as more convenient payment, lower transaction costs, more efficient allocation of resources and higher transparency, which will have a comprehensive, persistent and systematic impact on the traditional commercial banks. Battese & Coelli (1995) proposed stochastic frontier approach to study bank efficiency in 1995, this approach assumes that the inefficiency items are non-negative, it obey truncated normal distribution and independent distribution. The inefficiency items can be represented as functions of a series of internal and external variables and its mean is a linear function of the correlated variables. Generally, the Battese & Coelli (1995) model is showed as follows [13] :
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Methodology
Equation (1) is the profit frontier model, where, i represents the bank, t represents the time, lny it represents the cost or profit of the bank in a logarithmic form, X it represents the input and output of bank "i" in "i" year. v it and u it are assumed to be independently distributed. v it is a random variable, which is a normal distribution with zero mean and variance 2 v σ . u it is positive and obtained by truncation at zero of the normal distribution with mean m it and variance 2 v σ . β is parameters to be estimated. Equation (2) is the inefficiency items, where z it is a variable which is composed of a series of influencing factors related to enterprise inefficiency. W it is a random variable with zero mean and variance 2 σ . δ is parameters to be estimated.
Equation (3) is the calculation formula of cost efficiency and profit efficiency.
Whether the stochastic frontier approach can be used to judge the estimation results depends on two key factors. The null hypothesis test result of γ is the fundamental criterion for determining whether frontier profit function is effective, which determines whether the stochastic frontier approach can be used.
The distribution of the inefficiency items u it is also of vital importance. The maximum likelihood function estimation method (ML) is used for parameter estimation of stochastic frontier function. The difference between ML and ordinary least squares (OLS) is that OLS can only be estimated based on a given independent variable. The influence of measurement error and other uncontrollable factors cannot be considered comprehensively with OLS. While ML searches through two grid points to calculate the value of γ. ML use the unilateral likelihood ratio (LR) test to determine to reject the original hypothesis of gamma = 0 or not and to judge the error is mainly affected by the random error term or the systematic influence of other variables other than the given independent variable. γ represents the ratio of the inefficiency items to the total error, which is between 0 and 1. Γ is used to determine the advantages and disadvantages of OLS and ML, and further determine whether to select stochastic frontier approach. [14] .
Empirical Study on Bank Efficiency Measurement
Modeling, Data and Selection of Indicators
Loan loss reserves is an expense set aside as an allowance for uncollected loans and loan payments. This provision is used to cover a number of factors asso-S. Zhao ciated with potential loan losses including bad loans, customer defaults and renegotiated terms of a loan that incur lower than previously estimated payments.
It reflects the bank's credit risk situation to some extent. We can measure the bank efficiency more precisely by adding credit risk factors (Loan loss reserves) into Equation (1).
Take profit efficiency as an example, profit efficiency measurement model with risk consideration is as follow: 
Empirical Results and Analysis
For empirical analysis, we used Frontier 4.1 software to measure the profit efficiency of 15 commercial banks. The empirical results are as Table 2 and Figure 1 .
The average efficiency of state-owned banks and joint-stock banks is weighted by their total assets. Figure 1 and Table 2 shows that the average efficiency of state-owned banks is higher than that of joint-stock banks, while the average Table1. Input and output indicators. The efficiency of all banks declined from 2008 to 2009. The main reason for this is that the U.S. subprime mortgage crisis broke out in 2008, then spread rapidly from the developed world into developing nations as a global financial crisis. Global financial markets and international trade have been hit in different ways, which directly caused the exports of China fallen sharply. On the while, The business development and operating efficiency of Chinese commercial banks were also affected to some extent with the rate of economic growth of China dropped sharply. After the outbreak of the global financial crisis, in order to stabilize the domestic financial system, the government strengthened the regulation of Chinese banking system. They proposed new capital adequacy targets of 10% and 11% respectively for small and medium banks and large banks at the end of 2008, which influenced the profit growth of domestic banks directly. In the years which followed, the impact of the financial crisis was gradually eliminated, and the efficiency of all banks rised gradually. China's GDP growth rate reached 18% in 2010 and 2011, which created huge space for the growth of the banking business performance. Meanwhile, commercial banks have successively entered into shareholding reform, improve the corporate governance structure by listing, introducing strategic investors and improving capital structure.
It is worth noting that the average efficiency of state-owned commercial banks fell to 0.66 in 2015, while the average efficiency of joint-stock banks is 0.84. The main reason for this is that domestic economic growth slowed down and the commercial banks' core capital adequacy ratio were raised to 6 percent by Basel III, which hindered the growth of commercial banks' profits.
Empirical Study on Influence Factors of Bank Efficiency
Modeling, Data and Selection of Indicators
This section focuses on the influence factors of the efficiency of commercial banks, mainly including banks' own factors, industry factors and Internet development degree.
The model is set as follows: 
where Eff it represents the efficiency of bank "i" in year "t", the meanings of influencing indicators are as Table 3 . The research samples are 15 commercial banks in China from 2007 to 2016, and the data mainly comes from the annual reports of these banks, other data comes from China Statistical Yearbook, statistical data of China banking regulatory commission and Online Lending House. Table 4 shows that the average non-performing loan ratio of commercial S. Zhao 
Empirical Results and Analysis
We used Frontier 4.1 software to measure the efficiency of 15 commercial banks.
The empirical results are as follows:
S. Zhao
In this section, we estimate the parameter values of efficiency influencing factors by using the special program Frontier 4.1 of Collie (1996) when measuring the efficiency of banks. The parameter estimate of influencing factors is as Table   5 . Table 5 shows that the likelihood ratio of the model is 107.91, the log likelihood function of the model is 111.54 and the γ is 0.99, which explain that this estimation model is effective. According to each parameter estimate, the following conclusions can be obtained.
1) The regression coefficient of non-performing loan ratio is -5.46, significant at 1%. There is a significant negative correlation between the non-performing loan ratio and the efficiency of commercial banks. The higher the non-performing loan ratio is, the worse the bank's asset quality is and the lower the bank's efficiency is.
2) The regression coefficient of asset size was 0.12, significant at 5%. Banks' asset size is positively correlated with the efficiency of the commercial bank. The larger the banks' asset size is, the higher the bank's efficiency is. The efficiency of commercial banks we measure in Section 3 shows that the asset size of state-owned banks is larger than joint-stock banks and the efficiency of state-owned banks is significantly higher than joint-stock banks. Our parameter estimate is consistent with the actual situation of Chinese commercial bank efficiency.
3) The regression coefficient of property right structure is negative, significant at 1%, which shows the state-owned property right will impact on bank efficiency negatively. Comparing the trends of state-owned banks' efficiency and joint-stock banks' efficiency, we can find that the joint-stock banks are showing obvious management advantages, and the efficiency of them is catching up with the state-owned banks gradually.
4) The regression coefficient of market structure is -1.82, significant at 10%, Notes: *, **, *** indicate significant at 10%, 5%, 1%, respectively.
which shows that the higher the loan concentration in the banking industry is, the lower the efficiency level of commercial banks is. There is a significant negative correlation between market monopoly and the banks' efficiency.
5) The regression coefficient of the third-party payment is -0.26, significant at 1%. Third-party payment is negatively correlated with the banks' efficiency, the larger the third-party payment is, the lower the banks' efficiency is. The regression coefficient of the growth rate of P2P trading amount is negative. It also shows negative correlation with the banks' efficiency though not significant. On the whole, the development of Internet finance will reduce the efficiency of commercial banks.
Conclusions and Recommendations
Research Conclusions
From the analysis of commercial banks' efficiency measurement results, we can see that the efficiency of commercial banks in China are on the rise which accords with the development of Chinese banking industry in the past 10 years.
The efficiency of commercial banks is pro-cyclical, and is closely related to the macro-economic development. There is a certain gap between the efficiency of domestic commercial banks, and the efficiency of state-owned banks is higher than that of joint-stock banks. 
Suggestions
In view of non-performing loans and credit risk management, commercial banks should strengthen asset quality management and improve the level of credit su- In order to broaden the international market and improve safety and profitability of Chinese banking system, commercial banks should promote the reform of property rights reform, increase the financial openness, actively introduce strategic investors and improve corporate governance mechanism. To promote the diversification reforms of the market structure and create a good market competition atmosphere, the government should actively support the development of small and medium banks and broaden the criteria for the market access. Meanwhile, regulators should strengthen the banking market legal system, maintain a good market order, provide commercial banks with a positive, fair and efficient market competition environment, and promote the sustainable development and stable management of the banking industry.
Commercial banks should transform their traditional business pattern and create new profit growth points. Firstly, commercial banks should speed up innovation and transform, build new competitive development advantages, integrate the Internet with traditional businesses, and vigorously develop their own Internet finance business. Secondly, commercial banks should tap their own advantages, such as strong capital, abundant customer resources and development experience, adequate infrastructure and widely distributed outlets, high social recognition and customer stickiness, and improve the comprehensive service system to meet the all-dimensional financial needs of customers.
Contributions and Deficiencies
Based on the Finance and Economics Theory, this paper studies the efficiency of commercial banks through the mathematical economics methods, finds that there is a negative correlation between Internet Finance and bank efficiency through empirical research.
Due to limitations of the author's knowledge theory system, research environment and research scope, there are still some deficiencies in this article, which are as follows: 1) the main data come from commercial bank annual report, considering the integrity of the data, this paper only select state-owned Banks and joint-stock commercial Banks whose information disclosure are standard as research samples. 2) Scholars have no fixed standard for input and output indicators, and adding different factors to the inefficiency item will cause slight differences in bank efficiency. This paper only selects some influencing factors, and within the scope of the study, made a reasonable explanation of these influencing factors.
